MJ. Chromosome-substituted rat strains provide insights into the genetics of placentation.
between the labyrinth zone and the uterine decidua, representing the place where invasive trophoblast lineages arise. Invasive trophoblast cells enter the uterine mesometrial compartment (decidua and metrial gland) where they replace segments of the uterine spiral arterial endothelium (endovascular invasive trophoblast) and infiltrate into spaces between the uterine vasculature (interstitial invasive trophoblast) (1, 7, 19, 41) . The maternal environment influences intrauterine trophoblast cell invasion. Maternal hypoxia and hypertension impact the depth of intrauterine trophoblast invasion and remodeling of the uterine spiral arteries (10, 11, 15, 32) . Trophoblast-directed uterine vascular remodeling regulates placental perfusion (42) .
Strain-specific patterns of placentation are evident in the rat (12, 18, 19) . The Holtzman Sprague-Dawley (HSD) outbred and ACI, Fischer 344 (F344), and Dahl salt-sensitive (DSS) inbred strains exhibit robust placentation, including a welldeveloped junctional zone and extensive intrauterine trophoblast invasion (19) . In contrast placentation in the Brown Norway (BN) rat is more restrictive (19) . The BN rat junctional zone is reduced in size and intrauterine trophoblast invasion is shallow, resulting in a placental insufficiency that adversely affects fetal growth and the success of pregnancy (12, 18, 19) . These observations suggest that a genetic approach for investigating the regulation of placentation may be possible.
Phenotypic analysis of chromosome-substituted strains of mice and rats is an effective strategy for ascribing function to the genome (8, 16, 28, 36) . Chromosome-substituted strains of rats have proven to be particularly valuable tools for studying the genetics of hypertension and vascular disease (17, 20, 24 -26, 31) . These efforts have included generation of a panel of chromosome-substituted rat strains possessing each of the BN rat chromosomes introgressed into the DSS rat genome (20) . DSS and BN rat strains exhibit differences in their cardiovascular and renal biology (22) . The DSS strain exhibits significant vascular and renal pathologies when maintained on a high-salt diet that can be attenuated when DSS rats are maintained on a low-salt diet (22, 27) . Vascular and renal pathologies are rare in the BN strain maintained on low-or high-salt diets (22) .
Given that BN and DSS rat strains possess distinctive placentation phenotypes (18, 19) , the purpose of this study was to use the DSS-BN chromosome-substituted panel to elucidate genetic insights about the regulation of placentation. We identified a trait associated with placentation [junctional zone expression of prolactin family 5 subfamily a, member 1 (Prl5a1)] showing quantitative differences between BN and DSS parent strains. We investigated 21 DSS-BN chromosomesubstituted strains (for all 20 autosomes ϩ the X chromosome) to identify chromosomes affecting the quantitative trait. Chro-mosomes 14 and 17 were identified as contributors to the placentation phenotype.
MATERIALS AND METHODS
Animals and tissue preparation. DSS, BN, and F344 inbred rat strains were obtained from Charles River Laboratories (Wilmington, MA). HSD outbred rats were purchased from Harlan Sprague-Dawley (Indianapolis, IN). DSS-BN chromosome-substituted rat strains (20) were obtained from PhysioGenix (Milwaukee, WI). Animals were housed in an environmentally controlled facility, with a 14:10 lightdark photoperiod (lights on from 0600 to 2000) and were allowed ad libitum access to food and water. DSS parent and DSS-BN chromosome-substituted strains were maintained on low-salt diets obtained from Harlan Teklad (3075S; Madison, WI) or Purina (5010; Richmond, IN). HSD rats were provided a standard rodent laboratory diet (8604; Purina). BN rats were provided the low-salt diet or a standard rodent diet. The latter diet was used for comparisons with HSD rats. Pregnancy parameters are similar for BN rats fed either the low-salt or standard laboratory diets (18, 19) .
Virgin female rats 8 -10 wk of age for each strain were cohabited with adult males (Ͼ3 mo of age) of the same strain. Mating was assessed by daily inspection of vaginal lavages. The presence of sperm in the vaginal lavage was considered as day 0.5 of pregnancy. Female rats were made pseudopregnant by mating with vasectomized males. Presence of seminal plugs was designated day 0.5 of pseudopregnancy. Embryo transfer was accomplished through the collection of day 0.5 embryos and transferring them into oviducts of day 0.5 pseudopregnant recipients. Survival surgery was performed under isofluorothane anesthesia. On gestation day 18.5, females were killed and placental and fetal tissues collected and weighed. The number of viable vs. dead and/or resorbing conceptuses was determined. Placentation sites were collected and junctional zone tissues dissected as previously described (2) . Tissues were snap-frozen in liquid nitrogen for RNA analyses. For in situ hybridization placentation sites were frozen in dry ice-cooled heptane. Nonpregnant adult female DSS, BN, and F344 rats were killed; their livers were dissected and used for the isolation of genomic DNA. All tissue samples were stored at Ϫ80°C until processed. Protocols for these methods have been previously described (2, 18) . The University of Kansas Medical Center Animal Care and Use Committee approved all procedures for handling and experimentation with the rats.
DNA microarray analysis. Total RNAs were prepared from gestation day 18.5 HSD and BN rat junctional zone tissues (n ϭ 9 for each strain) using TRIzol reagent (Invitrogen, Carlsbad, CA) according to the manufacturer's instructions. RNA extractions were pooled to form three groups of three for each rat strain in nuclease-free water at a concentration of 1.0 g/l. RNA was quantified by spectrophotometry, and quality was verified using an Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA). RNA samples were hybridized to Affymetrix Rat 230 2.0 DNA microarray chips using the GeneChip Hybridization Oven 640 (Affymetrix, Santa Clara, CA). Washing and staining of the hybridized chips were conducted with the GeneChip Fluidics Station 450 (Affymetrix). Chips were scanned using the Affymetrix GeneChip Scanner 3000 (Affymetrix) with autoloader by the KUMC Biotechnology Support Facility (Kansas City, KS). Hybridization signals were normalized with internal controls. Expression data sets were analyzed using the R statistics software (http://www.r-project.org/) with BioConductor software (http://www.bioconductor.org/) packages. The MAS5 method from the BioConductor software was used for background correction, normalization, and summarization of the DNA microarray data. Transcripts showing more than a twofold change with analysis of variance (ANOVA, P Ͻ 0.05) were considered as differentially expressed genes and subjected to Gene Ontology (GO) analysis using GO-elite software (http://www.genmapp.org/go_elite/). A subset of genes exhibiting robust differences between the two genetic rat strains were selected for further validation by quantitative RT-PCR (qRT-PCR).
qRT-PCR. Total RNAs were prepared from gestation day 18.5 HSD, DSS, BN, and DSS-BN chromosome-substituted strains (n ϭ 5 for each strain). cDNAs were synthesized from total RNA (1 g) for each sample using Moloney murine leukemia virus reverse transcriptase (Invitrogen), diluted five times with water, and subjected to qRT-PCR to estimate mRNA levels. Primers were designed using Primer Express 2.0 (Applied Biosystems, Foster City, CA) with a melting temperature of 60°C. Primer sequences are provided in Table 1 . Diluted cDNA was used as a template for quantitative real-time PCR amplification using Power SYBR Green PCR Master Mix and the ABI Prism 7500 Real Time PCR System (Applied Biosystems). To ensure quality of the amplification of real-time PCR products, a dissociation profile (melting curve) was analyzed for each gene product generated. Cycling conditions included an initial hold step (95°C for 10 min) and 40 cycles of a two-step PCR (92°C for 15 s, then 60°C for 1 min), followed by a dissociation step (95°C for 15 s, 60°C for 15 s, and then 95°C for 15 s). The comparative cycle threshold method (⌬⌬CT) was used for relative quantification of the amount of mRNA for each sample normalized to 18S RNA.
In situ hybridization. Transcript localization was performed as described previously (1) . We prepared 10 m cryosections of placentation sites and stored them at Ϫ80°C until processed. A plasmid containing a cDNA for rat Prl5a1 (3, 19) was used as a template for synthesizing sense and antisense digoxigenin-labeled riboprobes according to the manufacturer's instructions (Roche Molecular Biochemicals, Indianapolis, IN). Prl5a1 is also known as prolactin-like protein-L (38) . Tissue sections were air dried and fixed in ice-cold 4% paraformaldehyde in phosphate-buffered saline. Prehybridization, hy- 
bridization, and detection of alkaline phosphatase-conjugated antidigoxigenin were performed as previously reported (1).
Analysis of the 5=-region flanking the Prl5a1 gene.
Rat Prl5a1 5=-flanking DNA spanning Ϫ5,048 to ϩ63 (relative to the transcription start site) was PCR amplified using genomic DNA templates isolated from BN, DSS, and F344 liver tissues. Primer sequences used for the Prl5a1 5=-flanking DNA are provided in Table 2 . PCR amplified 5=-flanking regions were initially cloned into the TA cloning vector (Invitrogen) for sequence confirmation and then segments spanning Ϫ3,650 to ϩ63 (referred to as 3.7 kb promoter) and Ϫ950 to ϩ63 (referred to as 1.0 kb promoter) were subcloned into XhoI and NcoI sites of the pGL4.10 [luc2] luciferase vector (Promega, Madison, WI) for in vitro assays using Rcho-1 trophoblast stem (TS) cells (9, 33) and rat embryonic fibroblasts (REFs). Rcho-1 TS cells were derived from a rat trophoblast tumor and possess the capacity for self-renewal and differentiation into multiple trophoblast lineages (9, 33) . REFs do not express Prl5a1 and were used to evaluate promoter specificity. Cells grown in 24-well plates were cotransfected with 100 ng of reporter vector and 15 ng of control Renilla vector using Lipofectamine 2000 (Invitrogen). Twelve hours after transfection, medium was changed and incubations continued for an additional 48 h before passive cell lysis and processing with a standard dual luciferase assay (Promega).
Establishment of BN rat TS cell lines. Blastocysts were recovered from uteri of gestation day 4.5 BN rats and TS cell lines established as previously described (5 Statistical analyses. Statistical analyses were performed using the R Statistical Package (http://www.r-project.org/). One-way or twoway ANOVA followed by Tukey tests were used depending upon the data structure. Nonparametric Wilcoxon rank sum tests or ANOVA with general linear model followed by Tukey contrast tests were applied for qRT-PCR data.
RESULTS

Identification of placenta-associated quantitative traits.
Structural differences within placentation sites of the BN strain vs. the HSD and DSS strains are striking but their quantification is not conducive to high-throughput analyses. These differences include the thickness of the junctional zone, which can be readily dissected and is more homogenous than other components of the placentation site (2). HSD and BN rat gestation day 18.5 junctional zone gene expression profiles were determined using DNA microarray analysis. All DNA microarray data presented in this report are deposited in the Gene Expression Omnibus (GEO) repository under the GSE29247 accession number. Among the 31,097 transcripts examined, 182 transcripts were more abundantly expressed in HSD junctional zone, whereas 171 transcripts were more abundant in BN junctional zone (Ͼ2-fold-change, P Ͻ 0.05; Fig. 1A , Supplemental Tables S1 and S2) . 1 Differentially expressed genes did not exhibit a chromosomal bias. Strain differences in gene expression associated with specific functional pathways were observed (Fig. 1B) . Twelve representative genes reflecting the most prominent strain differences in gene expression were examined by qRT-PCR (Table 3 ; Fig. 1, C-N) . Nine of these genes (Prr5l, Krt6a, Prtfdc1, Mmp10, Hsd17b11, Prol3a1, Efemp1, Slpi, Echdc2) showed higher expression in HSD and/or DSS rat junctional zone vs. BN rat junctional zone (Fig. 1, C-K) , whereas three of the genes (Spp1, Pdia5, Prl5a1) exhibited the reverse relationship (Fig. 1, L-N) . HSD and DSS rat junctional zone gene expression showed similar relationships to BN rat patterns except for Spp1 (Fig. 1L) . In summary, gene expression profiling provides several reliable measures of strainspecific junctional zone attributes that can be adapted to highthroughput analysis.
Prl5a1 transcript localization. PRL5A1 is a member of the expanded prolactin family of cytokines (3, 37, 39) and a product of the placenta (1). In the HSD rat placentation site, Prl5a1 transcripts are confined to invasive trophoblast cells located within the uterine mesometrial compartment (1) . Prl5a1 gene expression in the BN junctional zone contrasts with previous observations for the HSD rat ( Fig. 1; Ref. 1 ). Consequently, we monitored Prl5a1 expression in gestation day 18.5 placentation sites of BN and DSS rats by in situ hybridization. DSS rat placentation sites exhibited a Prl5a1 expression pattern similar to that previously reported for the HSD rat ( Fig. 2; Ref. 1) . Expression of Prl5a1 in the BN uterine mesometrial compartment was conserved (Fig. 2C) ; however, in contrast to DSS and HSD placentation sites, the BN placentation site showed significant hybridization in trophoblast cells throughout the junctional zone (Fig. 2E) . Prl5a1 expression inversely correlated with the thickness of the junctional zone. Thus the BN rat placentation site can be distinguished from DSS and HSD rat placentation sites through a fundamental difference in junctional zone expression of Prl5a1.
DSS-BN chromosome-substituted panel screen. A DSS-BN chromosome-substituted panel was surveyed to gain additional insights about the genetics of placentation in the rat. Litter size was significantly greater in the DSS rat strain vs. the BN rat strain (Fig. 3A) . However, no significant differences in the number of viable conceptuses, fetal weights, or placental weights were found within the DSS-BN chromosome-substituted panel (Fig. 3, A-C) . We next screened the DSS-BN chromosome-substituted panel for junctional zone Prl5a1 transcript levels. Prl5a1 transcript level in the junctional zone of 1 The online version of this article contains supplemental material. Table 2 . Primer sequences used for cloning the Prl5a1 5=-flanking region the placenta was selected for monitoring the chromosomesubstituted panel because: 1) there is a robust difference in Prl5a1 transcript levels in the junctional zone of BN and DSS strains (Fig. 1) ; 2) Prl5a1 expression is restricted to trophoblast cells and more specifically to the invasive trophoblast lineage of the HSD rat, a cell population compromised in the BN rat (1, 19) ; 3) Prl5a1 expression in the BN junctional zone represents a "gain-of-function" phenotype. The results suggest a multifactoral regulation of the "junctional zone Prl5a1 transcript level" trait (Fig. 4) . DSS-BN4, DSS-BN11, DSS-BN14, DSS-BN16, and DSS-BN17 junctional zone tissues each possessed Prl5a1 transcript levels that were significantly greater than the DSS parent tissue transcript level (Fig. 4) . The DSS-BN4, DSS-BN11, and DSS-BN16 exhibited an intermediate phenotype. Although junctional zone Prl5a1 transcript levels were significantly greater than the DSS parent strain, they were significantly less than the parent BN phenotype, whereas the DSS-BN14 and DSS-BN17 phenotypes did not differ significantly from the BN parent phenotype (Fig. 4) . Chromosome 17 is also where the Prl5a1 locus resides (3).
The distribution of Prl5a1 transcripts was determined in selected chromosome-substituted strains by in situ hybridization. Prl5a1 mRNA distribution within the junctional zone was similar in the DSS-BN17 chromosome-substituted strain and the BN parent strain (Fig. 5, C and F) . DSS-BN10 chromosome-substituted strains lacked detectable junctional zone Prl5a1 similar to the DSS parent strain (Fig. 5, B and F) . Prl5a transcript expression in the DSS-BN14 was intermediate between that observed in BN and DSS parent strains (Fig. 5 , B, C, and E). Prl5a1 expression inversely correlated with the thickness of the junctional zone. The BN and DSS parent strains and three DSS-BN chromosome-substituted strains (DSS-BN 10, 14, and 17) each showed abundant Prl5a1 in invasive trophoblast cells of the uterine mesometrial compartment (Fig. 5, B-F) . In summary, the control of junctional zone Prl5a1 transcript levels is multigenic with major contributions associated with regulatory information located on chromosomes 14 and 17.
Placentation phenotype of chromosome-substituted strains. We next attempted to determine whether the placentation phenotype observed in DSS-BN14 and DSS-BN17 chromosome-substituted strains extended beyond Prl5a1. Transcript levels of a subset of genes differentially expressed in junctional zone tissue of DSS and BN parent strains (Fig. 1) were examined in DSS-BN10 (control), DSS-BN14, and DSS-BN17. In agreement with the results in Fig. 4 , DSS-BN10 rats exhibited the DSS parent Prl5a1 expression phenotype, while DSS-BN14 and DSS-BN17 exhibited the BN parent Prl5a1 expression phenotype (Fig. 6A ). Prl3a1 and Pdia5 transcript profiles were similar to the DSS parent phenotype for each of the three chromosome-substituted strains (Fig. 6, B and C) , suggesting that the BN expression patterns for these genes was not regulated by genetic information on chromosomes 10, 14, or 17. In addition to the regulation of junctional zone Prl5a1 transcript levels, chromosome 17 also contributed to the regulation of Prtfdc1 and Echdc2 transcript levels (Fig.  6, D and E) , whereas chromosome 14 contributed to the regulation of Krt6a transcript levels (Fig. 6F) . These obser- vations reinforce the multifactoral regulation of the BN placentation phenotype.
Prl5a1 promoter analysis. Prl3a1 and Prl5a1 are members of the expanded prolactin gene family, which is situated within a 1.7-megabase region on chromosome 17 ( Fig. 7A; Refs. 3,  39 ). Since chromosome 17 contributed to the junctional zone Prl5a1 transcript BN parent phenotype, we next investigated 5=-flanking sequence associated with the Prl5a1 gene. Segments spanning over 5 kb upstream of the Prl5a1 transcription start site for F344, DSS, and BN rat genomic DNA were cloned and sequenced. F344 and DSS Prl5a1 5=-flanking nucleotide sequences were identical. The BN 5=-flanking sequence differed from the F344 and DSS shared sequence at 15 sites (Fig. 7B) , resulting in nucleotide changes in several putative transcription factor-binding elements (based on in silico evaluation, Fig. 7C ). F344, DSS, and BN upstream regions were subcloned into a luciferase reporter system and promoter activity tested in Rcho-1 TS cells and REFs. Each promoter-reporter construct exhibited similar luciferase activities in Rcho-1 TS cells and were inactive in REFs (Fig. 7D) . Thus basal Prl5a1 promoter activity is not affected by the strain-associated nucleotide changes; instead these nucleotide changes may impact regulatory pathways controlling Prl5a1 transcription or alternatively they may be irrelevant to the junctional zone Prl5a1 transcript level trait.
Trophoblast vs. maternal environment impact on Prl5a1 expression. BN rat TS were generated from gestation day 4.5 blastocysts using methodologies as previously described (5) . The initial BN blastocyst outgrowths were more difficult to establish and once formed were not disaggregated until sufficient cell expansion was evident. Derivation of BN TS cells was less efficient (2 -TS cell lines generated from 63 blastocysts; 3% efficiency) than the HSD rat strain (ϳ21% efficiency; Ref. 5). BN and HSD TS cells were evaluated following 12 days of differentiation for the expression of Prl5a1 and Tpbpa, a marker of commitment to junctional zone trophoblast cell lineages (5). Prl5a1 and Tpbpa transcript levels were significantly elevated in BN TS cells (Fig. 8, A and B) .
The maternal environment has a significant contribution to the subfertility of the BN rat (18) . BN rats exhibit defective uterine decidualization leading to impaired trophoblast development (18) . Consequently, we evaluated maternal influences on HSD and BN rat junctional zone Prl5a1 transcript levels following reciprocal embryo transfer with HSD and BN rat strains. HSD and DSS strains possess a similar junctional zone Prl5a1 transcript level trait, which differs significantly from the BN trait (Fig. 1) . Viability and placental weights were monitored at gestation day 18.5 ( Fig. 8, C and D) . BN-embryo derived placentas were significantly smaller (Fig. 8D) , which may be attributed to strain differences in responses to experiential factors associated with the embryo transfer procedure. HSD junctional zone Prl5a1 transcript levels were uniformly low and independent of uterine environment. In contrast, the BN junctional zone phenotype was modified when developing in the HSD uterus; Prl5a1 transcript levels were significantly decreased but not equivalent to the HSD phenotype (Fig. 8E) . These findings were supported by analysis of Prl5a1 mRNA distribution within the junctional zones of the experimental animals (Fig. 8F) .
The results suggest that both intrinsic and extrinsic factors contribute to the regulation of the BN placentation phenotype. 
DISCUSSION
Hemochorial placentation is an effective reproductive strategy facilitating fetal development within the female reproductive tract. This strategy is utilized by many mammalian species, including the rat. Genetic differences exist in the organization of the rat placenta (19) . In contrast to some rat strains, the BN rat placentation site is characterized by a thin junctional zone and shallow intrauterine trophoblast invasion. Strain differences in quantitative traits have been successfully exploited to elucidate genetic mechanisms impacting cardiovascular and renal function (17, 20, 24 -26, 31) . In this report, we identified a quantitative trait associated with rat placentation (junctional zone Prl5a1 transcript levels) and utilized chromosome-substituted strains to fractionate the rat genome and ascribe the trait to specific chromosomes. Prl5a1 was selected as an index of placentation because it is expressed in the invasive trophoblast lineage, a cell population compromised in the BN placentation site (1, 19) . Genetic regulation of the junctional zone Prl5a1 transcript level trait was multifactoral with chromosome 14 and especially chromosome 17 having significant roles in influencing elaboration of the phenotypic measure.
Several strain-specific differences in junctional zone gene expression were identified. These genes reside on various chromosomes throughout the genome. Junctional zone Prl5a1 transcript level was initially identified as a strainspecific quantitative trait using DNA microarray analysis and subsequently verified by qRT-PCR and in situ hybridization. Prl5a1 encodes a member of the expanded prolactin family of cytokines and was initially characterized based on its expression in invasive trophoblast (1, 40) . In the BN rat, Prl5a1 is uniquely expressed in the junctional zone, thus representing a gain-of-function phenotype. The junctional zone serves as a reservoir of precursor cells capable of generating invasive trophoblast. BN progenitors residing in the junctional zone mature to a stage capable of expressing Prl5a1 but do not invade into the uterine mesometrial compartment or invade less efficiently. Regulatory factors controlling the invasive trophoblast lineage are unknown. The biological actions of PRL5A1 have not been determined and whether they contribute to an autocrine/paracrine signaling pathway regulating invasive trophoblast cells is unknown. At a minimum Prl5a1 transcript levels may represent no more than a robust measure of a junctional zone trait. Genetic information on chromosomes 14 and 17 contribute to the regulation of the junctional zone Prl5a1 transcript level trait, which may include control of the differentiation and/or migratory behavior of Prl5a1-positive trophoblast cells.
Control of the junctional zone Prl5a1 transcript level trait may be indirect. Preparation of the uterus for embryo implantation and development of uterine decidua are defective in the Fig. 6 . Expression profiles of selected genes in DSS-BN10, DSS-BN14, and DSS-BN17 chromosome-substituted rat strains and DSS and BN parent rat strains. Total RNA samples from gestation day 18.5 junctional zone tissue were isolated and transcript levels of selected genes measured by qRT-PCR (SYBR Green, ⌬⌬Ct method). 18S rRNA served as an internal control. Sample size n ϭ 5 for each strain. *Significant differences (P Ͻ 0.05).
BN rat (18) . The BN rat exhibits luteal insufficiency and progesterone resistance, which contribute to its subfertility. Maternal environment is a major factor governing placentation (4). In support of such a maternal contribution, reciprocal embryo transfer experiments, performed herein, indicate that the BN junctional zone Prl5a1 transcript level trait is, at least partially, sensitive to the uterine milieu. The HSD maternal environment was more dominant than was the BN maternal environment. This contrasts with the relative impact of the HSD and BN uterine milieu on early stages of placental morphogenesis (18) . Intrinsic differences were also identified in differentiated TS cells from BN and HSD strains. Thus the multifactoral regulation of the junctional zone Prl5a1 transcript level trait may include both maternal and extraembryonic contributions.
Earlier research efforts using recombinant inbred strains of rats (29) sought to identify genetic contributions to litter size and placental and fetal weight regulation (6, 47). These recombinant rat strains were originally established to elucidate the genetics of hypertension and involved analyses of BN and spontaneous hypertensive rat strain recombinants (29) . Litter size traits were mapped to chromosome 8 (47), whereas placental and fetal size traits were linked to chromosomes 15 and 1, respectively (6) . Although a prominent difference exists between litter size of DSS and BN rat strains (19) , analysis of chromosome-substituted DSS-BN rat strains was not informative in identifying a rat chromosome(s) responsible for the litter size quantitative trait and thus did not support the earlier assignment of chromosome 8. Some trends suggested the potential involvement of chromosome 14 in a regulatory role controlling the litter size trait. However, substantial increases in sample size would be required to elucidate contributions of chromosome 14 or any other rat chromosome to this trait. Similarly, chromosome-substituted strains were not useful in ascribing the contributions of a chromosome(s) to the regulation of placental and fetal weight. Additionally, the junctional zone Prl5a1 transcript level for DSS-BN1, DSS-BN8, and DSS-BN15 did not deviate significantly from the parent DSS strain phenotype. Consequently, our efforts did not support the participation of chromosomes 1, 8, or 15 in regulating a pregnancy or placentation phenotype. Parent rat strains used to generate the chromosome-substituted and recombinant inbred strains differ, as does the mixing of the rat genome in these two experimental models, which could contribute to the disparate findings.
Quantitative trait loci (QTL) for a variety of physiological and pathological responses have been mapped to rat chromosomes 14 and 17 (Ref. 23 ; rat QTLs can be found at http:// rgd.mcw.edu/). Although none of these QTLs directly reflect parameters associated with placentation, several impact growth, vascular function, and metabolism, which could indirectly impact placental development.
Experimentation using interspecific crosses between Mus species or Peromyscus species represents another strategy that has yielded information on the genetic regulation of placentation (30, 46) . Interspecific crosses affect the organization of the placentation site, especially the size and structure of the junctional zone (21, 30, 46) . This placental trait was mapped to the X chromosome in the mouse (13, 14, 45, 46) and is associated with disruptions in genomic imprinting (34, 35, 43, 44) . In the present analysis, we did not identify any significant relationships between any of the parameters measured (placental weight, fetal weight, and junctional zone Prl5a1 transcript levels), and the X chromosome.
Identification of DSS-BN chromosome-substituted strains impacting the junctional zone Prl5a1 transcript level trait is an important first step toward identifying genetic information regulating aspects of placentation. Generation of DSS-BN congenic strains is the next logical step, a process that is markedly hastened by the availability of DSS-BN chromosome-substituted strains (8) .
In conclusion, we have identified chromosomes possessing regulatory information controlling aspects of placentation, demonstrating the value of chromosome-substituted strains to elucidating genetic mechanisms associated with pregnancy and placentation and a physiology-driven approach for gene discovery.
